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years older than patients with infectious mononucleosis. A disease transmitted by kissing would tend to occur among slightly younger persons than a disease transmitted by sexual intercourse; moreover, as with gonorrhoea, males with infectious mononucleosis tend to be a little older than females. Sero-negative Cases Clinical and hxematological manifestations suggestive of infectious mononucleosis, but in association with a negative heterophile agglutination test, are well recognized. Some such instances are probably variants of authentic seropositive infectious mononucleosis since, on occasion, sero-negative disease has developed in contacts of sero-positive patients (Hobson et al. 1958 , Evans 1960 .
Outbreaks
Outbreaks of infectious mononucleosis have been reported in the past (Halcrow et al. 1943 , Wechsler et al. 1946 ), but their authenticity is in doubt and large outbreaks may not in fact occur. Certainly a well-authenticated large outbreak has never been reported (Hoagland 1967) . Small family outbreaks, however, have been described (Hobson et al. 1958 Infectious mononucleosis (IM) has recently attracted a good deal of attention. Much fresh information is now available (see ) and some of this new work is discussed in the present account.
Haematological Changes
Although the atypical mononuclear cells have long been recognized as the most characteristic feature of the blood in IM, many aspects of these cells are still obscure. Their morphology in stained smears has been repeatedly described and illustrated, the most striking characteristic being their marked pleomorphism. This is valuable in separating atypical mononuclear cells from leukemic blasts but it makes their classification and nomenclature extremely difficult.
Attempts to define the atypical cells by cytochemical, rather than morphological, criteria have had limited success. Although they stain uniformly in the various reactions, the overall findings (Table 1 ) are inconclusive. Their cytochemical characteristics differ somewhat from normal lymphocytes and monocytes but there are no sufficiently distinctive features to justify their inclusion in a separate category. Carter (1966a) and Schmalzl et al. (1968) .
Electron microscopy has been more rewarding. The ultrastructure of atypical mononuclear cells is similar to that of lymphocytes, particularly cells which have been transformed by plant mitogens such as phytohemagglutinin (PHA) (Inman & Cooper 1965) . Nuclear chromatin in the atypical cells is loosely packed and the nuclear membranes, which are irregularly widened, are pierced by a series of pores. Nucleoli are found in about 25% of cells. The cytoplasm contains many free ribosomes, active-looking mitochondria, a well-developed Golgi apparatus and lysosomes with autophagic vacuoles. There is no organized endoplasmic reticulum and no virus particles have been demonstrated. Several of these morphological features suggest that atypical mononuclear cells are metabolically active, particularly in synthesizing nucleic acids. Much attention has been paid to DNA synthesis and proliferation by these cells (Cooper 1969) and some of the findings are summarized below:
(1) Isolated dividing cells are encountered occasionally in routine blood smears in IM and, more frequently, in leukocyte concentrates (Carter 1965a ).
(2) 10-15 % of the circulating atypical mononuclear cells can be labelled in vitro with the nucleoside precursor thymidine, tagged with tritium (3H). The proportion of labelled cells in autoradiographs is greatest during the acute stages of the disease and returns to the normal (extremely low) values during convalescence (Gavosto et al. 1959 , Carter 1965a , Epstein & Brecher 1965 (3) Increased uptake of 3H-thymidine coincides with raised levels of leukocyte enzymesformate-activating enzyme, N5,N'0-methylenetetrahydrofolate dehydrogenase and dihydrofolic acid reductasewhich participate in the metabolism of folic acid and play an important role in nucleic acid synthesis (Bertino et al. 1962 ).
(4) In vitro experiments where labelled mitoses from cells which have taken up 3H-thymidine are allowed to accumulate show that the postsynthetic pre-mitotic (G2) interval is short-lived and that many labelled cells proceed to mitotic division (MacKinney 1967).
(5) Mitosis is apparently normal; karyotypes from freshly-isolated cells show no qualitative or quantitative abnormalities (Carter 1965a ). (6) Little is known of the progeny of the dividing cells, but there is evidence that most proliferating cells do not divide in vitro more than 1 to 3 times and that they eventually give rise to 'small round cells resembling lymphocytes' (MacKinney 1965) .
These results, based on observations on peripheral blood, give only a partial picture of DNA synthesis and cell proliferation in IM. Events in the lymphoid tissues cannot be studied at present as the procedures involvedadministration of radioisotopes in vivo and multiple biopsiesare unjustifiable in young adults with a benign disease.
Enhanced RNA synthesis in circulating atypical mononuclear,cells runs roughly parallel with the increased DNA synthesis; about 10% of cells are labelled by appropriate precursors such as tritiated cytidine (Epstein & Brecher 1965 , Schmid et al. 1965 ). In the absence of organized endoplasmic reticulum, it seems likely that most of the proteins synthesized are used for cell growth and maintenance but the elaboration of extrinsic proteins, particularly antibodies, cannot be wholly excluded (see later).
Other haematological changes: It is not always appreciated that changes commonly occur in the other formed elements of the blood in IM, even though they are usually clinically occult. Granulocyte counts are normal or, more often, reduced; a neutrophil leukocytosis is uncommon unless complications supervene such as secondary infection or splenic rupture. The low counts vary from mildly subnormal values to unequivocal neutropenia and agranulocytosis (Carter 1966b) . This fall in neutrophil granulocytes is accompanied by a 'shift to the left' so that immature 'band' forms predominate. These cells have little stainable alkaline phosphatase and leukocyte alkaline phosphatase scores are low in IMcontrasting with the high scores found in most bacterial infections. Eosinophils, absent during the acute stages, are often increased during convalescence. Platelet levels are mildly subnormal in about 50 % of patients during the acute illness (Carter 1965b ). Counts of less than 100,000/c.mm are uncommon and levels of 50,000/c.mm or lessat which abnormal bleeding may be encountered -are exceptional. Erythrocyte abnormalities are rare in IM but potentially hemolytic mechanisms are activated in many patients. The anomalous cold antibody anti-i is commonly found (Jenkins et al. 1965) and examples of overt haemolysis due to anti-i have been reported.
It is stressed that, in contrast to the situation in acute leukaemia, the development of granulocytes, platelets and red cells in the bone marrow in IM is normal. It seems, therefore, that the changes found in these elements in IM are due to factors acting peripherally rather than centrally. The transient formation of lytic anti-i has already been mentioned and antileukocyte and antiplatelet antibodies may also be elaborated. In addition, there may be increased destruction of red cells, granulocytes and platelets in the spleen which is usually enlarged.
Serological Changes
The antibody response in IM presents a number of interesting features. The heterophil agglutinins and lysins used in the diagnostic serology of this disease are invariably yM globulins (Wilkinson & Carmichael 1964 , Carter 1966c ). The usual changeover from yM to yG globulin production does not occur and attempts to demonstrate yG heterophil antibodies at any stage have been unsuccessful. It is still uncertain whether the various heterophil activities are mediated by separate antibodies or by one antibody with multiple determinant groups. There is evidence that some of the 'false-positive' antibodies encountered in IM are also yM globulins: they include the lytic anti-i (mentioned earlier), rheumatoid factors, antinuclear factors and Wassermann antibodies (Carter 1966d) . In other circumstances, most of these antibodies occur predominantly as yG globulins; their appearance in IM as yM elements is thus particularly interesting and suggests that the overall immune response in IM mainly involves yM globulins. This view is compatible with the striking rise in serum yM globulins in this disease, when compared with the much smaller increase in yG and yA globulins (Wollheim 1968 ).
The cellular localization of immunoglobulin synthesis in IM is still uncertain. Using immunofluorescent techniques, Galbraith et al. (1963) and Carter (1966e) found little or no immunoglobulin in the circulating atypical mononuclear cells though some staining for all three immunoglobulins was reported by van Furth et al. (1966) ; reasons for this discrepancy are not clear. Attempts to determine antibody formation in the atypical cells by mixed cell agglutination and Jerne plaque techniques have been unsuccessful. There is, however, evidence that cells aspirated from bone marrow and lymph nodes are stained specifically with a conjugated anti-yM globulin serum (Carter 1966e ). Such cells are pleomorphic and consist mainly of indeterminate 'immature lymphoid cells'; plasma cells are less frequently stained. The latter are not, incidentally, significantly increased in the lymphoid tissues in IM: this may seem paradoxical in a disease in which there is such active immunoglobulin synthesis but it is well known that yM globulins are elaborated by ill-defined pleomorphic lymphoid cells as well as by typical plasma cells.
Infectious Mononucleosis and EB Virus
Shortly after the discovery of EB virus (EBV) in cultures of Burkitt tumour cells (Epstein et al. 1964) , serological surveys showed that EBV antibodies were surprisingly common in populations not susceptible to Burkitt lymphoma. Attempts to link these antibodies with various acute infections were unsuccessful until, quite fortuitously, rising titres of EBV antibodies were found in a laboratory technician in Philadelphia who developed IM ). Further observations were made on sera obtained from Yale University where a prospective study of IM had been started in 1958. One fortunate feature of this investigation was that stored sera were available which had been obtained from students on their admission to the university; changes associated with any subsequent attack of IM could thus be compared with the corresponding base-line serum. A second advantage in studying this particular population is that EBV antibodies are less common in the higher socio-economic groups; about 75 % of all the base-line sera in the Yale students contained no detectable EBV antibody. Twenty-nine students with IM were investigated and raised titres of EBV antibodies were found in all of them ). EBV and heterophil antibodies usually appeared together, rising to a peak at 20-30 days. The heterophil agglutinins subsequently disappeared but the EBV antibodies persisteda feature which was neatly illustrated by the later demonstration of raised EBV antibodies in one of Paul and Bunnell's original patients, diagnosed in 1932. More examples of raised EBV antibodies in IM were subsequently reported (Evans et al. 1968 ). In some instances, the appearance of EBV antibodies was delayed but heterophil and EBV antibodies invariably occurred together at some stage; no 'heterophil positive EBV negative' patients have been described. Evans et al. also showed that susceptibility to IM could be correlated with the absence of EBV antibodies in the serum.
The occurrence of EBV antibodies in the controversial category of 'sero-negative infectious mononucleosis' has also been studied and a small group of 'heterophil negative EBV positive' patients is emerging (Evans et al. 1968 , Gerber et al. 1968 ). The incidence of these cases is still uncertain; it seems to be low and appears to vary in different kinds of population. Patients with vague mononucleosis-like illnesses who have neither heterophil nor EBV antibodies presumably represent a farrago of conditions such as adenovirus and cytomegalovirus infections or toxoplasmosis. The group of patients with negative heterophil tests and rising EBV titres must be regarded as examples of IMthough why some EBV-positive cases fail to develop heterophil antibodies is unknown.
There is, then, abundant evidence that patients with IM regularly develop EBV antibodies; but the detection of EBV antigens, essential for any causative association to be upheld, is more problematic. Efforts to isolate viruses from patients with IM have repeatedly failed, and attempts to identify virus particles in freshlyisolated leukocytes and lymphoid tissues by electron microscopy have also been unsuccessful. If, however, long-term cultures of leukocytes are examined, EBV antigen and viral particles can both be demonstrated ). EBV antigen is detectable by immunofluorescence after about four weeks' growth. The number of positively reacting cells is small and rarely exceeds 6 % ). The results of electron microscopy are confusing as at least two different virus particles have been found: herpes-like structures 150 m,u in diameter, and small (22 m,i) particles clustered around the endoplasmic reticulum which is prominent in some cultured cells ).
These observations are difficult to assess for two reasons:
(1) Atypical mononuclear cells maintained in long-term culture differ from freshly isolated cells in several respects in addition to the fact that they contain EBV antigen and virus particles. Their ultrastructure has changed; their karyotypes now include abnormal C group chromosomes; and they appear to be capable of synthesizing immunoglobulins , MacKinney 1968 ).
(2) These changes are not confined to leukocytes from patients with IM. Similar features have also been observed in long-term cultures of leukocytes from Burkitt's lymphoma, acute leukaemia and normal subjects. Some of these changes vary in incidence according to the source of cells but the essential requirementsome feature which is specific for IMhas not yet been realized. The localization of EBV antigen in IM is still, therefore, something of a mystery.
It is too early to speculate about the etiological role of EB virus in IM but it seems that some sort of special relationship exists. IM may activate a latent EBV infection or stir up an anamnestic reaction. Patients with IM may be unduly prone to superinfection with EBV; an association between other lymphoproliferative disorders and a proclivity to viral infection is well known. Lastly, EBV may be capable of inducing a wide range of host-responses to infection: infection may be asymptomatic or manifested as a systemic lymphoproliferative disease which is benign (IM) or malignant (Burkitt lymphoma). According to this view, EBV may indeed 'cause' both diseases but the ultimate clinical outcome of EBV infection would depend on the interplay of many factors in both the virus and the host which are almost entirely speculative at the present time.
Postscript (15.9.69): One host factor which may play an important role in determining the clinical manifestations of EBV infections is pre-existent, intense and long-standing lymphoreticular stimulation (see Burkitt 1969 ). -R L C.
Dr James Scott (University of Keele) considered the problem, as a general practitioner, a university medical officer and also as research convener of the British Student Health Association.
For the clinician, early diagnosis and treatment were the most important. A simple diagnosis could be made in the side-room with a blood film and a 'Monospot' (Ortho) screening test, and positives referred to a laboratory for a quantitative Paul-Bunnell test.
Clinically, a diagnosis could be made on a history of progressive tiredness, lymphadenopathy, particularly with high axillary and posterior cervical glands, a palpable spleen or a perisplenitis, an enanthem with a few petechial hemorrhages on the posterior part of the palate or in the fauces and exudate on the tonsils or posterior pharyngeal wall. Bacteriological examination of the exudate was often negative and it was notable how little discomfort and disturbance of appetite was produced. A rash was not seen very often, except when ampicillin was given, when it was of the allergic type. For this reason ampicillin was not now given.
For the past year treatment had included steroids. After 48 hours of tetracyclines, treatment was commenced with 40 mg to 60 mg prednisolone daily and the dosage reduced as
